Introduction
Hematite (Fe 2 O 3 ) has drawn enormous attention due to a wide range of applications such as pigments, catalysts, drug delivery, contrast agents in magnetic resonance imaging (MRI), hyperthermia, gas sensors and biosensors. [1] [2] [3] [4] [5] [6] [7] However, these applications are still subject to many constrains, such as particle size, size monodispersity, morphology, biocompatibility and stability. Controlling the size and shape of materials are two critical parameters. They could have strong influences on their chemical and physical properties. Developing new methods for the synthesis of nanomaterials as well as the modification of their size and morphology remains a great challenge. Many methods have been developed for preparation of nanosize materials with different morphologies and size distribution such as template method, sol-gel, microwave heating synthesis, pyrolysis, supercritical CO 2 method, ultrasonic irradiation synthesis, solution-phase approach [8] [9] [10] [11] [12] [13] [14] etc. In most of these approaches, nanoparticles tend to agglomerate due to large specific surface area and high surface energy. In order to improve size distribution and morphology of nanoparticles, without any agglomeration during the synthesis, magnetite nanoparticles coating with capping agent is required. Thermal decomposition of ion salts is one of the facile methods to produce nanosize materials, in which ion salt is coated by an appropriate coating agent, and then the thermal decomposition of coated ion salt could lead to nanomaterials. [15] [16] [17] Following our research on nanoparticles synthesis and their applications in organic synthesis and polymer science; [18] [19] [20] [21] [22] [23] herein, we propose a facile thermal decomposition route to synthesize α-Fe 2 O 3 nanoparticles. The strategy in this study is the application of salep-g-poly acrylic acid (salep-g-PAA) acting as an inexpensive and available coating agent. 24, 25 The salep-g-PAA nanopolymer with hydroxide and carboxylic acid functional groups has a certain binding affinity to metal ions, which may control the size and morphology of α-Fe 2 O 3 nanoparticles without any agglomeration.
Experimental
Apparatus and characterization X-ray diffraction (XRD) was preformed with a Siemens D5000 X-ray diffractometer using graphite- Vol. 20, No. 3, 2009 monochromatized high-intensity Cu-Kα radiation (λ = 1.5406 Å). Fourier transform infrared spectroscopy (FT-IR) was performed using a Nicolet (Magna 500). A JEOL JEM-2010 transition electron microscope (TEM) was used to determine the average of particle size and morphology of the powders on an accelerating voltage of 100 kV. The morphology of the dried superabsorbent nanopolymer was examined using a scanning electron microscope (SEM) (Philips, XL30) at 25 kV after coating the samples with gold film. Thermal properties were studied through the thermogravimetric (TG) thermal technique (PL-1500). An atomic absorption spectrometer (Varian AA-5) was used for measurements of metal ion absorption. A Bruker (DRX-500 Avanes) NMR was used to record the 1 H NMR and 13 C NMR spectra.
Preparation of the salep-g-PAA nanopolymer
Salep (1.0 g) and distilled water (40 mL) were added to a three-neck reactor equipped with a mechanical stirrer. The reactor was placed in a thermostated water bath at 80 °C for 20 min. After homogenizing the mixture, the monomer, acrylic acid (AA) ( ) was added and the gel-like product was observed after about 20 min. Finally, the reaction mixture was cooled to room temperature. The product was poured into 100 mL of ethanol (remained for 2 h) and then scissored to small pieces. The solvent was decanted and then 100 mL of fresh ethanol was added. The product remained for 24 h in ethanol to completely dehydrate. The dehydrated gel particles were filtered and dried in an oven at 50 °C for 24 h. After grinding, the powdered superabsorbent was stored in absence of moisture and light.
Metal ion sorption measurement
Salep-g-PAA (0.100 g) was added to metal chloride solutions (2000 ppm) prepared in a phosphate buffer (pH 7). The mixture was shaken for 5 h by a rotary shaker to reach equilibrium. An exact amount of the supernatant (5.0 mL) was pipetted for metal ion measurements. The initial and final concentrations of metal ion were determined by the atomic absorption spectroscopy.
Preparation of α-Fe 2 O 3 nanoparticles
Typical synthetic procedure is as follows. FeCl 3 •6H 2 O (0.40 g) and salep-g-PAA (0.80 g) were suspended in 150 mL of distilled water. The suspension was stirred at room temperature for 5 h. The decantation and freeze drying of the red suspension yielded a red powder which was heated at 600 o C for 8 h. Finally the product was washed with water and hexane.
Results and Discussion

Mechanism of the salep-g-PAA nanopolymer formation
A simple procedure for polymerization of salep-g-PAA in the thermal condition is suggested in Scheme 1. The sulfate anion-radical produced by thermal decomposition of APS subtracts hydrogen from the salep to form corresponding radical. Then, the resulting macroradical initiates graft copolymerization of AA. Since a crosslinking agent (MBA) is present in the reaction mixture, a threedimensional network results.
Surface morphology of the salep-g-PAA nanopolymer
The surface structure of the nanopolymer was observed using SEM. The SEM image of salep-g-PAA sample shows a porous structure. Another interesting point in these SEM images is the relationship between porosity and water absorbency of samples in the distilled water. The salep-g-PAA sample has an highly nanoporous and cellular structure. As shown in Figure 1 the size of porosity for this hydrogel is in the range of nanometer scale (20-80 nm) . To the best of our knowledge, this kind of porosity in the structure of a polysaccharide-g-PAA is rare. This result shows that smaller structures with the higher porosity can lead to a higher capacity for metal entrapment. 
Studies on entrapment of metal ions
The binding properties of a series of metal ions such as Fe 3+ , Cu
2+
, Co 2+ and Ni 2+ with salep-g-PAA nanopolymer were determined. The iron ion sorption capacity was the highest with 1.9 mmol g -1 . The sorption capacities of iron, copper, cobalt and nickel ions are presented in Figure 2 . These results indicate the superabsorbent nanopolymer with hydroxide and carboxylic acid functional groups has high binding affinity for Fe 3+ ions. A possible chelation mechanism of salep-g-PAA nanopolymer with Fe 3+ ion is shown in Figure 6 .
At the nucleation stage, the formation of the Fe 2 O 3 nanoparticles could be induced and confined by the cooperation of salep-g-PAA with hydroxide and carboxylic acid functional groups. At the same time, the oxidation, carbonization and gasification of salep-g-PAA will produce ultrafine carbon black in the thermal reactions system. Such ultrafine powders with high surface area permits that the produced nanoparticles remain separated from each other. Thus, the chelation between Fe 3+ ion and salep-g-PAA followed by carbonization and gasification leads to production of uniform Fe 2 O 3 nanoparticles.
Thermogravimetric-differential thermal analysis (TG-DTA) of both salep-g-PAA and the SAPFe 3+ were used to understand the details of their decomposition process in dry air. As the data shows ( Figure 7 and Table 1 ), the SAPFe 3+ is more stable than salep-g-PAA.
To have a better comparison between these materials from the thermal stability point of view, a useful comprehensive index of intrinsic thermal stability (ITS) was also calculated 27, 28 ( Table 1) . A high ITS value was found for the SAPFe 3+ which remained stable up to quite high temperatures.
Evaluation of catalytic activity of α-Fe 2 O 3 nanoparticles for Friedel-Crafts acylation
The surface of metal oxides exhibits both Lewis acid and base character. 29 This is characteristic of many metal oxides such as TiO 2 , Al 2 O 3 , ZnO, Fe 2 O 3 , while they are excellent adsorbents for a wide variety of organic for destruction of hazardous chemicals and as catalysts for various organic transformations. [32] [33] To show catalytic activity of α-Fe 2 O 3 nanoparticles synthesized by this protocol, we examined its catalytic activity in the Friedel-Crafts acylation reaction. As a model reaction, we chose reaction of p-xylene with benzoyl chloride. The results show that α-Fe 2 O 3 nanoparticles are more efficient than the bulk Fe 2 O 3 ( Table 2 , entries 1 and 2). The bulk Fe 2 O 3 catalyzed the reaction in harsh conditions (high temperature and longer reaction time).
Several examples have been investigated and all are listed in Table 2 . As shown, aromatic ketones were obtained with high yields (71-94%) under the conditions of low mol% catalyst (1 mol%), clean reaction and short reaction time (1 h). The structure of the products was confirmed by 1 H NMR, 13 C NMR spectra and compared with real samples prepared by reported methods. 34 The applicability of the α-Fe 2 O 3 nanoparticles is further extended by performing the Friedel-Crafts alkylation reaction with p-xylene and benzyl bromide in the presence of α-Fe 2 O 3 nanoparticles (1 mol%). The reaction was performed efficiently and the reaction rate as well as the yield of product is quite satisfactory (87%).
In conclusion, this is the first report on the synthesis of pure α-Fe 2 O 3 nanoparticles (30 nm) using of the superabsorbent nanopolymer (SANP) by thermal compounds. 30 In any metal oxide, surface atoms make a distinct contribution to its catalyst activity. In the nanopowders higher specific surface area, as compared to the bulk powders, results in the higher catalytic activity of nanopowders. Furthermore, nanopowder metal oxides find excellent applications as active adsorbents for gases, decomposition. Inexpensiveness of the reactants and high metal sorption capacity are the advantages of polysaccharide as starting material for this method. Test of the synthesized α-Fe 2 O 3 nanoparticles in Friedel-Crafts acylation revealed its superior activity than the bulk Fe 2 O 3 . 
